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(57)Abstract: 

PROBLEM. TO BE SOLVED: To improve insufficient trackability, in 
the case a gain or the like of a control system is to be controlled, in 
order to control the current to be supplied to a load using a 
proportional integration control system provided. 
SOLUTION: An inverter 1 is controlled with a controller which 
includes a PI control unit 4, and a voltage calculating unit 7 obtains, 
for driving a load 2, an output voltage Vi having the polarities of the 
inverter, based on the power supply voltage of inverter, a gate signal 
and a load current. A load voltage estimating unit 8 estimates a load 
voltage VI from the voltage Vi, a load current (i) and a known 
inductance L. The load voltage quick change determining means 9, 10 
is set forcibly, when sudden change of a load voltage is estimated, the 
integral value of an integral element 4C being in a direction which 
enhances the trackability of the proportional integral control. When an 
interlinked system power supply and a solenoid are used as the load 
2, adjustment of the integral gain of control element or proportional 
gain is also included. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the semiconductor power converter which controls automatically the current which has 
a proportional-plus-integral control element and is supplied to a load The electrical-potential- 
difference count section which has a polarity and asks for the output voltage of this equipment based 
on the supply voltage, the control signal, and the load current of a power converter, The load 
electrical-potential-difference presumption section which presumes a load electrical potential 
difference from the impedance placed between said output voltage and load current, and the current 
from said power converter to a load, The semiconductor power converter characterized by having a 
load electrical-potential-difference sudden change decision means to adjust both the integral value of 
said proportional-plus-integral control element, and both [ one side or ] in the direction which raises 
the flattery nature of proportional-plus-integral control when it is presumed that this load electrical 
potential difference changes suddenly from said presumed load electrical potential difference. 
[Claim 2] In the semiconductor power converter which has a proportional-plus-integral control 
element and controls the supply voltage to link electric power system automatically The electrical- 
potential-difference count section which has a polarity and asks for the output voltage of this 
equipment based on the supply voltage, control signal, and network current of a power converter, 
The network electrical-potential-difference presumption section which presumes a network electrical 
potential difference from the impedance placed between said output voltage and network current, 
and the current from said power converter to a network, The semiconductor power converter 
characterized by having a network electrical-potential-difference sudden change decision means to 
adjust both the integral value of said proportional-plus-integral control element, and both [ one side 
or ] in the direction which raises the flattery nature of proportional-plus-integral control when it is 
presumed that this network electrical potential difference changes suddenly from said presumed 
network electrical potential difference. 

[Claim 3] In the semiconductor power converter which has a proportional-plus-integral control 
element and controls the load current to a solenoid automatically The electrical-potential-difference 
count section which has a polarity and asks for the output voltage of this equipment based on the 
supply voltage, the control signal, and the load current of a power converter, The inductance of said 
solenoid is presumed from said output voltage and load current. Both the integral gain of said 
proportional-plus-integral control element, and both [ one side or ] from this presumed inductance 
The semiconductor power converter characterized by having the location transducer which acquires 
the positional information of the control column of said solenoid from the inductance which carried 
out adjournment presumption with the load inductance presumption section adjusted in the direction 
which raises the flattery nature of proportional-plus-integral control. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor power converter which controls 
automatically the current which has a proportional integral (PI) control member and is supplied to a 
load, especially relates to control of the proportional integral gain of a PI control element. 
[0002] 

[Description of the Prior Art] The example of a configuration of the power converter which has a PI 
control element is shown in drawing 4 . An inverter 1 constitutes a main circuit from a power 
transistor or a semiconductor device of IGBT, is changed into the alternating current power which 
controlled the electrical potential difference and the frequency for direct current power by the 
switching control, and supplies it to a load 2. 

[0003] The coordinate transformation section 3 which obtains the current detecting signal by which 
the control unit changed the load current detection value into rotational coordinates from the fixed 
coordinate, The current control amplifier 4 which carries out the proportional integral (PI) operation 
of the deflection of this current detecting signal and a current command value, It is constituted by the 
coordinate transformation section 5 which acquires the current control signal which changed this 
result of an operation into the fixed coordinate from rotational coordinates, and the PMW control 
section 6 which supplies the gate signal of a PMW wave for this current control signal to an inverter 
1 as compared with a triangular wave (carrier) signal. 

[0004] The current control amplifier 4 consists of addition element 4D adding proportional element 
4A which amplifies current deflection by proportional gain Kp, proportional element 4B which 
amplifies current deflection by the integral gain Ki, integral-element 4C which integrates with the 
output of this proportional element 4B, and the output of Elements 4A and 4B, as the equal circuit 
which expanded it shows. 

[0005] In addition, there is a control unit, the configuration made into the armature-voltage control 
system with a PI control element, when it has an armature-voltage control system and a current 
control system further, and not only the configuration of the above-mentioned current control system 
but when. 

[0006] Moreover, there are a converter which changes into direct current power what [ not only ] 
drives an alternating current load with the aforementioned inverter but alternating current power as a 
semiconductor power converter, a chopper which carries out power conversion of a direct-current- 
direct current, and many configurations which have a PI control system also in these equipments are 
adopted. Moreover, there are various loads, such as electric power system in the case of changing not 
only rotating machines, such as a motor, but the regeneration power from a DC electric motor 
vehicle into an alternating current with an inverter as a load, and reviving to AC power supply, and 
the thing of versatility [ power converter ] is designed according to these loads. 
[0007] 

[Problem(s) to be Solved by the Invention] As mentioned above, in the power converter which has 
the PI control element of the load current, when change of a load becomes comparatively loose, the 
output of the integral element which a control system has can obtain the control which followed 
change of a load output almost in accordance with the value of a load output. 
[0008] However, when it changes so rapidly that a load output cannot follow by the gain of an 
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integral element, big response delay arises in a control output. For example, when a load electrical 
potential difference changes in the shape of a step, although the output error decreases at the rate 
corresponding to the gain of an integral element, the flattery nature gets very bad. 
[0009] Although it is possible as this cure to raise the gain of an integral element, an output will 
become in vibration if gain is made high too much. As a result, when the rate of change of a load 
output is high, there are many things at the sacrifice of responsibility. 

[0010] As other cures, when change of a load is large, there is a thing of the method (for example, 
JP,9-312975,A) which made gain of a control system high and prepared the limiter, and the method 
(for example, JP,5-181502,A) which changes the limiter value of a limiter further. Moreover, in the 
field where system deviation is large, there are some which enlarge gain of an integral element and 
make gain of a proportional element small (for example, JP,5-233007,A). 

[001 1] However, these methods were not what performs gain control etc. after system deviation with 
big all appears, and can fully compensate control delay to rapid load effects, such as a step-like load 
effect (disturbance). 

[0012] The purpose of this invention is to offer the semiconductor power converter as for which 
lessens control delay and accurate follow-up control is made also to a step-like load effect. 
[0013] 

[Means for Solving the Problem] (Theoretic explanation of invention) In order to make a control 
error into the minimum to sudden change of a load, it is necessary for change of a load to be 
detectable at an early stage. From the relation between the output voltage of a power converter, and 
the current and load electrical potential difference which let the inductance component between 
loads pass, this invention presumes change of a load electrical potential difference beforehand from 
the output of a power converter, and is made to carry out forcible control of the integral value and 
gain of an integral element of a PI control system, or the gain of a proportional element according to 
this estimate. This detail is explained below. 

[0014] Drawing 5 shows the equivalence model between a power converter and a load, and if the 

output voltage Vi of a power converter, the load electrical potential difference VI, and the inductance 

(impedance) component L are made into the output current i of the flowing equipment, the following 

relation will be materialized in these values. 

[0015] 

[Equation 1] 

(di/dt)=(Vi-Vl)/L - (1) 

It is [0016] when this differential term is approximated by the minute variation. 
[Equation 2] (deltai/deltat) =(Vi-Vl)/LVl=Vi-(deltai/deltat) L - (2) 

From this (2) type, the output voltage Vi and the output current i of an inverter can be searched for, 
and if an inductance L is known, the load electrical potential difference VI can be presumed by 
output current variation delta i/delta t. Since this relation is materialized also in a vector electrical 
potential difference and a current, it is applicable also to the power converter of a polyphase. 
[0017] In equipment with for example, an PWM control circuit, presumption of such a load electrical 
potential difference (or a current and power) is asked for the output voltage Vi of an inverter from a 
current value i and a gate signal at the same time it outputs equipment for a current sampling by 
periodic deltat, it incorporates a current value i and it asks for (deltai/deltat) from this current i 
between carrier 1 periods of PWM, as shown in drawing 6 . A gate signal determines this output 
voltage Vi fundamentally, and the sign of the sampled current value determines a dead-time period. 
If these processings are performed about each phase, the output voltage vector and output current 
vector in a current sampling time will be acquired. 

[0018] In addition, when controlling three-phase-circuit conversion by the triangular wave 
comparison PWM, change of the output voltage vector generated between carrier 1 periods is 6 times 
at the maximum. Therefore, if a current sampling is performed 30 times or more between carrier 1 
periods, while an output voltage vector is fixed, also at the lowest, the current data of five samples 
can be incorporated, and sufficient detection precision can be acquired. 

[0019] Moreover, since, as for the current detection value of time of day before and after performing 
switching, it is easy to be influenced of the electrical-potential-difference transient fluctuation at the 
time of switching etc., as for the sampled value at these times, removing from electrical-potential- 
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difference presumption is desirable. 

[0020] Drawing 7 is as a result of [ presumed ] the above-mentioned load electrical potential 
difference VI, and shows the block configuration which adjusts the gain of a PI control system. The 
load electrical-potential-difference estimate VI calculated in the load electrical-potential-difference 
count section A, and a value (average) just before letting the low pass filter (LPF) B pass to the value 
by carrying out an absolute value comparison by Comparator C in this drawing The size of the 
variation of the load electrical potential difference VI, That is, it judges whether the load electrical 
potential difference changed suddenly, and without controlling the gain of a PI control system, when 
the absolute value of a difference is small, when the absolute value of return and a difference is 
large, a control section D carries out a forcible setup of the integral value and gain of a PI control 
system at a desirable value at next load electrical-potential-difference count. 
[0021] That is, at the time of the stationary from which the load electrical potential difference is 
changing to extent which can be followed by the gain of an integral element gently, the gain of a PI 
control system is left as it is, the control characteristic at the time of a stationary is held, and when it 
is predicted that a load electrical potential difference changes suddenly, flattery nature is raised by 
making a forcible change of the integral values, such as an integral element of a PI control system, 
before sudden change of a load electrical potential difference. 

[0022] In addition, a resistance component is contained besides an inductance component, and the 
impedance which intervenes between a power converter and a load can also detect and compensate 
the electrical potential difference by this resistance component with actual equipment as a part of 
load electrical potential difference. 

[0023] From the thing to the above, this invention is characterized by the following configurations. 
[0024] In the semiconductor power converter which controls automatically the current which has a 
proportional-plus-integral control element and is supplied to a load (1st invention) The electrical- 
potential-difference count section which has a polarity and asks for the output voltage of this 
equipment based on the supply voltage, the control signal, and the load current of a power converter, 
The load electrical-potential-difference presumption section which presumes a load electrical 
potential difference from the impedance placed between said output voltage and load current, and the 
current from said power converter to a load, When it is presumed that this load electrical potential 
difference changes suddenly from said presumed load electrical potential difference, it is 
characterized by having a load electrical-potential-difference sudden change decision means to 
adjust both the integral value of said proportional-plus-integral control element, and both [ one side 
or ] in the direction which raises the flattery nature of proportional-plus-integral control. 
[0025] In the semiconductor power converter which has a proportional-plus-integral control element 
and controls the supply voltage to link electric power system automatically (2nd invention) The 
electrical-potential-difference count section which has a polarity and asks for the output voltage of 
this equipment based on the supply voltage, control signal, and network current of a power 
converter, The network electrical-potential-difference presumption section which presumes a 
network electrical potential difference from the impedance placed between said output voltage and 
network current, and the current from said power converter to a network, When it is presumed that 
this network electrical potential difference changes suddenly from said presumed network electrical 
potential difference, it is characterized by having a network electrical-potential-difference sudden 
change decision means to adjust both the integral value of said proportional-plus-integral control 
element, and both [ one side or ] in the direction which raises the flattery nature of proportional-plus- 
integral control. 

[0026] In the semiconductor power converter which has a proportional-plus-integral control element 
and controls the load current to a solenoid automatically (3rd invention) The electrical-potential- 
difference count section which has a polarity and asks for the output voltage of this equipment based 
on the supply voltage, the control signal, and the load current of a power converter, The inductance 
of said solenoid is presumed from said output voltage and load current. Both the integral gain of said 
proportional-plus-integral control element, and both [ one side or ] from this presumed inductance It 
is characterized by having the location transducer which acquires the positional information of the 
control column of said solenoid from the inductance which carried out adjournment presumption 
with the load inductance presumption section adjusted in the direction which raises the flattery 
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nature of proportional-plus-integral control. 
[0027] 

[Embodiment of the Invention] (1st operation gestalt) Drawing 1 is the case where it applies to a 
power converter with PI current control system which shows the operation gestalt of this invention, 
and the part into which this drawing differs from drawing 4 is in the point of having formed circuit 
elements 7-10. 

[0028] The electrical-potential-difference count section 7 acquires the timing signal which removes 
the electrical-potential-difference detection value of the time of day before and behind switching 
from presumption, and multiplies by it and samples the condition (sign) of a gate signal to one half 
of the direct-current side electrical potential differences which turn into supply voltage of the 
inverter 1 in sampling timing while it asks for the sampling data of the output voltage Vi of an 
inverter and generates detection and the sampling clock (deltat) of the condition (sign: 1 or -1) of the 
gate signal from the PWM control section 6. Moreover, the period of a dead time determines the sign 
of an electrical potential difference Vi from the polarity of the output current i at that time. 
[0029] a load — an electrical potential difference — presumption — the section — eight — output 
voltage — Vi — this — timing — the load current — i — variation (deltai/deltat) — and — an inductance 
— a component — L — from — the above — (— two — ) ~ a formula — an operation — carrying out — 
the load electrical potential difference VI — asking . 

[0030] An electrical potential difference VI twists a low pass filter (LPF) 9 flat and smooth, and it 
calculates the last electrical-potential-difference value. The load electrical-potential-difference 
sudden change decision section 10 carries out forcible modification (overwrite) actuation of the 
integral value held at integral-element 4C, when judged with whether the load electrical potential 
difference VI changes suddenly by the size comparison with the current load electrical potential 
difference VI and the last electrical-potential-difference value, and it judging and changing suddenly. 

[003 1] In addition, modification of the integral value of integral-element 4C cannot be restricted for 
considering as constant value, but can also be suitably adjusted according to the estimate of a load 
electrical potential difference. Moreover, in parallel to this adjustment, integral gain and proportional 
gain can be adjusted to a high value, and flattery nature can be raised. 

[0032] As mentioned above, by being able to presume that the load electrical potential difference VI 
changes suddenly by the time amount equivalent to carrier 1 period, and carrying out modification 
actuation of the integral value of an integral element beforehand by this presumption, that delay can 
be shortened to the current control at the time of disturbance generating, and control precision can be 
raised to it. 

[0033] (2nd operation gestalt) Drawing 2 is the case where it applies to a system-interconnection 
power converter with PI current control system which shows the operation gestalt of this invention. 
This drawing is the case where consider as electric power system as a load 2 of drawing 1 , and 
power is supplied to electric power system from an inverter 1 . 

[0034] In drawing 2 , the electrical-potential-difference count section 7 becomes being the same as 
that of the case of drawing 1 , sets the load electrical-potential-difference presumption section 8 to 
network electrical-potential-difference presumption section 8A, and sets the load electrical-potential- 
difference sudden change decision section 1 0 to network electrical-potential-difference sudden 
change decision section 10A. 

[0035] For the control which linked the inverter 1 with electric power system, the low pass filter 1 1 
added and PLL (phase locked loop) 12 acquire the topology which synchronized with the network 
electrical potential difference required for the coordinate transformation section 5, extract the 
network electrical potential difference of a basic cycle from the instant estimate from network 
electrical-potential-difference presumption section 8 A with a low pass filter 11, and acquire the 
phasing signal which carried out multiplying of it by PLL 12 synchronizing with the basic cycle 
signal. 

[0036] Also in this operation gestalt, it becomes controllable [ which raised flattery nature to 
electrical-potential-difference sudden change of electric power system ]. Moreover, the high-pressure 
electrical-potential-difference sensor for detecting a network electrical potential difference becomes 
unnecessary by addition of circuit elements 1 1 and 12. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web__cgi_ejje 3/21/2005 



JP,2001-275364,A [DETAILED DESCRIPTION] Page 5 of 5 



[0037] (3rd operation gestalt) Drawing 3 is the case where it applies to the driving gear of a sliding 
machine with PI current control system which shows the operation gestalt of this invention. This 
drawing is the case where position control of the machinery is carried out in the directions of a single 
dimension, such as a horizontal direction, by supplying alternating current to solenoid 2 A from an 
inverter 1, and a control unit consists of current control amplifier 4 and an PWM control section 6. 
[0038] It becomes the load sudden change as which it regarded such a machinery from the power 
converter that an inductance changes with the locations of the control column of solenoid 2A a lot, 
and this change changes suddenly. 

[0039] Then, in this operation gestalt, electrical-potential-difference change of solenoid 2A presumes 

the load inductance L on the radical of the conditions of being sufficiently small, and adjusts the gain 

Kp of the proportional element of the current control section 4 sufficiently late. 

[0040] In the current supply source to solenoid 2 A, although single dimension actuation of the 

control column is carried out with the energy by inductance change, since the load electrical 

potential difference at the time of a stationary becomes very small, if the output voltage of an 

inverter 1 and current change are detectable, presumption of the load inductance L will be attained 

from the following formula. 

[0041] 

[Equation 3] 

L=(Vi-Vl)/(deltai/deltat) - (3) 

In drawing 3 , like the aforementioned case, ask for the electrical potential difference Vi of an 
inverter 1, load inductance presumption section 8B presumes an inductance L from this electrical 
potential difference and the load current i, and the electrical-potential-difference count section 7 is 
made to correspond to change of this estimate L, and adjusts the proportional gain Kp of 
proportional element 4A. 

[0042] Moreover, from the estimate of an inductance L, the location transducer 13 searches for the 
positional information of the control column of solenoid 2 A, and makes this available as a location 
detecting signal of the position control system of a machinery. In addition, the location transducer 13 
stores the measured value of the relation of the location and the inductance at the time of a control 
column as table data. 

[0043] According to this operation gestalt, according to change of the inductance of a load, current 
control which does not receive effect in change of the location of the control column of a solenoid, 
either can be performed by giving modification, for example, proportionality, for the gain of a 
proportional element. 

[0044] In addition, although the operation gestalt to the above shows the case where it applies to a 
power converter with a current control system, it can be applied to equipment with an armature- 
voltage control system or a power control system, and can acquire the equivalent operation 
effectiveness. 

[0045] Moreover, although the case where it applies to an inverter is shown as a power converter, it 
is applicable to other equipments, such as a converter and a chopper. Moreover, although the case 
where it applies to a control device with an PWM control function is shown, it is applicable to 
various power converters, such as equipment without an PWM control function, vector control 
equipment of a motor, and an active filter. 
[0046] 

[Effect of the Invention] In order according to this invention the above passage to presume change of 
a load electrical potential difference beforehand from the output of a power converter and to carry 
out forcible control of the integral value and the gain of an integral element of a Pi-control system, 
or the gain of a proportional element according to this estimate from the relation between the output 
voltage of a power converter, and the current and the load electrical potential difference which let the 
inductance component between loads pass, control delay is lessened by detecting load sudden change 
at an early stage, and accurate follow-up control can be performed. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Translation done.] 
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